Stability constants for complexes between dioxovanadium(V) and glycine, glycylglycine, glycylalanine, and giycylphenylalanine have been determined by a combination of Potentiometrie and spectrophotometries techniques in aqueous solution at 25 °C and 0.1 mol dm" ionic strength (NaClOj). Complex distribution curve depending on pH and metal-ligand ratio is given and influences of the side chains on the stability constants and the stoichiometrics of the formed complexes are given and discussed.
INTRODUCTION
Over the past decade an extraordinary expansion of interest has evolved in the aqueous chemistry and biochemistry of vanadium cations, particularly of the V(IV) and V(V) oxidation states. Much of this interest has concentrated on complexation of these ions with a number of proteins, particularly albumines, transferins and as activator in various enzymes in I W. 25 
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Jaswal and Tracey /15/ determined the formation constants of vanadate complexes with some peptides and characterized their structures using M V NMR, and suggested monovanadate-monoligand complexes require the terminal amino, the carboxylate groups, and unsubstituted nitrogen in the peptide linkage in order for product formation to occur. They showed that, for complexes to be formed from V0 4 H 2 " and a neutral peptide, giving off protons was not required, but when the carboxylate was replaced by the alcohol functionality a proton was released. Crans and Shin 1221 characterized the preferred coordination geometry of vanadium(V) in aqueous solution with nitrogen and oxygen contained in some multidentate ligands including glycylglycine, using 'H, n C, M V, and l7 0 NMR spectroscopy, 1R, and UVvis spectrophotometry techniques. On the basis of their studies, at high pH, four functionalities chelate vanadium when at least one of them is a carboxylate, and at low pH only three functionalities in these ligands are tightly bound to the vanadium, while the last functionality is either loosely bound or pendent. Costa Pessoa et al. /14/ studied the system VO + -with several dipeptides in the pH range (1.5-13) by a combination of spectroscopic methods (EPR, circular dichroism, and visible absorption). They characterized the structures of the complexes and concluded that there is no evidence for N amilU . to take part in complexation, but O amidc is required for the formation of MHL stoichiometry. Tasiopoulos et al. I\ll studied the oxovanadium (IV) and (V) oxidation states with some sulphydryl-containing pseudopeptides and peptides using NMR and EPR techniques. They showed glycylglycine is ligated to vanadium at N amidc , N amim; , and O carb , )xy i alL . donor atoms. This result was supported by X-ray crystallography.
The present work deals with the study of dioxovanadium(V), VOT', complexes by some dipeptides included: glycylglycine (glygly), glycyl-Lalanine, glyala, and glycyl-L-phenylalanine (glypheala). The study of V0 2 + + glycine interaction was also attempted in order to understand better the influence of the presence of an amide group in the stability of the ligands binding to the metal ion. 
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RESULTS AND DISCUSSION
The complex M x H y L z ,nx+y "' )+ formed is characterized by its stoichiometry (x:y:z), where Μ and L represent the metal ion and the ligand, respectively.
To determine the stability constants of complexation or protonation, Eq 1 is
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defined by ß xyz 191,
The protonation constants of the ligands have been used for computation of the stability constant, ß xyz , of the metal-ligand. The protonation constants of the ligands have been extensively studied in different kind of background electrolytes, and the results were reported in the literature. The protonation constants have been determined using Potentiometrie techniques and calculated using a computer program which employs a least-squares method /24,25/. These values are listed in Table I together with the values reported in literature, which are in good agreement with those reported before. 
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The ligand protonation constants for the peptides follow the expected patterns. Substitution at the α-carbon of the carboxy amino acid residue is too far from the free amino group to appreciably affect its protonation constant, so that for the series of glycyl-peptides, logß (12 
V0 2 + +peptides Systems
Considering the protonation constants of the peptides, in acidic pH the predominant species for complexation is HL. In this case the spectrophotometric titration data were analysed by using the absorbance of V0 2 + + each peptide at wavelengths in the UV range that is given by
where ε Μ and are the molar absorptivities of V0 2 + and the formed complex by each peptides, respectively. For the mass balance 
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where C M and C L are the total concentration of VO? 1 and each peptide, respectively, and h denotes the number of each peptide molecule bound to a metal ion. Substituting Eqs 2 and 4-5 into Eq 3 and rearranging and canceling like terms gives
The method of determining ε Μ was previously described /28/ and its values at different wavelengths are used in this work. Using a suitable computer program 1291 the data were fitted to Eq 6 for estimating the formation constant of Eq 1. We used the Gauss -Newton nonlinear leastsquares method in computer program to refine the absorbance by minimizing the error squares sum from Eq 7 U = Z(a,~b,)
where a, is a quasi-experimental and b, is a calculated one.
In the fitting program, where h is selected to one, U approaches to a minimum value, confirming the formation of a single complex with the formula V0 2 HL . If we define ε /30/ as ε = ε Μ Χγι + ε< X(
then through the rearrangement of Eq 8, the average ligand number, n, can be calculated directly from Eq. 9
where ΧΜ and Χ< are the mole fractions of V0 2 and V0 2 HL , respectively.
Calculation has shown η equals 0. 
and its stability constant, β 122, was determined in the usual manner, using
Eq. 11
where ε ( ·. is the molar absorptivity of V0 2 (HL) 2 '. The average values of ß i2 2 at varioils wavelengths are listed in Table III . As can be seen from Table III , the values of logß m and logß, 2 2 for the series of V0 2 + +glycylpeptides complexes are nearly identical due to the similarity in their structures, with some influence from the side groups.
However, the inductive effect of the side groups in glygly (proton), glyala (methyl group), and glypheala (phenyl-CH 2 group) are in increasing affinity order, and so are apparently responsible for the small differences in the calculated values for the stability constants. This assumption has been confirmed by the finding that the stability constant value of the complex with MHL and M(HL) 2 stoichiometrics formed by glypheala has the lowest value.
This could probably be ascribed to the inductive effect of the ligand. Λ difference between the stability constant values of the glycylpeptides complexes and glycine with V0 2 \ about 1.6 log units, is probably due to the nucleophilic influence of an amide group close to α-carbon in the dipeptide molecules. Although glycine has a smaller size than the dipeptide molecules, the nature of binding caused by an electron attractive tendency of the amide group in glygly, glyala and glypheala is apparently responsible for the differences. In similar studies for V0 2 '+alanylglycine, alanylalanine, and alanine /37/, almost the same result as well as the same stoichiometries for the complex species were obtained (Table 3 
